Tight and adhering junctions are important in maintaining the integrity of the epididymal epithelium and formation of the blood epididymal barrier, which are crucial for sperm maturation and storage. The composition of the catenin-adhering junctional family of proteins and their relationship with tight junctions remain to be established in the epididymis. In the normal adult rat epididymis, immunostaining for three anticatenin antibodies (␣, ␤-, and p120 ctn ) was noted along the lateral plasma membranes (LPM) between adjacent epithelial cells. Although ␣-catenin and ␤-catenin were maximally expressed in the corpus and cauda epididymis, p120 expression was intense and similar in all epididymal regions. Bilateral orchidectomy of adult rats indicated that the expression of p120 at the LPM was not altered compared with that in control animals. On the other hand, staining at the LPM for ␣-and ␤-catenin was markedly reduced, concomitant with an increased cytoplasmic reaction in each epididymal region. As the staining pattern for ␣-and ␤-catenin returned to that seen in control animals after testosterone supplementation, it is suggested that their localization and targeting to the LPM are regulated by androgens. This is confirmed by postnatal studies in which maximal expression at the LPM for each catenin occurs by d 49, when androgen levels are adultlike. Immunolocalization of zona occludens-1 along with immunoprecipitation of epididymal homogenates of the initial segment/caput region of the epididymis revealed that zona occludens-1 is an integral part of the adhering junctional complex in young rats and coprecipitates with ␤-catenin at the level of the apical tight junctions. (Endocrinology 144:  5040 -5049, 2003) 
T HE FORMATION OF mature spermatozoa involves not
only their development in the testis, but also their maturation in the epididymis, where they acquire progressive motility and fertilizing ability (1, 2) . The maturation of spermatozoa in the epididymis is dependent on a number of factors, including the interaction of spermatozoa with proteins and lipids secreted in a merocrine or apocrine manner, the glycosylation of proteins by Golgi saccules present in cytoplasmic droplets of sperm, as well as establishing a specific microenvironment of the lumen of the epididymis (3) (4) (5) (6) (7) . The development and maintenance of a luminal microenvironment necessary for sperm maturation are created by the blood-epididymal barrier, which is comprised of tight junctions between adjacent principal cells that border the lumen of the epididymal duct (8, 9) .
The formation of tight junctions between adjacent epithelial cells requires that cells first adhere to one another and form adhering junctions (9 -12) . Tight junctions are composed of occludin, claudins, and a number of cytoplasmic plaque proteins, including proteins that contain PDZ domains (e.g. zonula occludens, membrane-associated guanylate kinase inverted protein, and ALL-1 gene fusion partner), non-PDZ proteins (e.g. cingulin, symplekin, ZO-1-associated nucleic acid binding protein, and achaetic-scute homolog-1), cytoskeletal proteins, and GTP-binding proteins (13) . Adhering junctions are composed of cadherins and cytoplasmic proteins known as catenins, which link cadherins to the cytoskeleton (14) . Adhering junctions not only enable the cells to stick to one another, but also play a role in intracellular signaling, and they appear to be involved in the positioning and assembly of tight junctions (15, 16) .
Cadherins are calcium-dependent, single-pass, transmembrane proteins involved in cell adhesion. At present, there are over 50 members of the cadherin family derived from a multigene family (17) . In the adult rat epididymis, Cyr and collaborators (18, 19) first reported the presence of both Eand P-cadherin in the epididymis. E-cadherin was localized to the lateral plasma membranes (LPM) of adjacent epithelial principal cells (20) . Postnatal developmental studies demonstrated that mRNA levels for E-cadherin correlated well with the formation of the blood-epididymal barrier. Furthermore, it was shown that E-cadherin mRNA levels were androgen dependant in all segments of the epididymis (19) .
On the other hand, catenins are a small multigene family of cytoplasmic proteins that act as linker proteins for cadherins in the adhering junctions (14, (21) (22) (23) (24) . To date, several members of the catenin family of proteins have been described. However, although studies of the expression and regulation of cadherins in the epididymis (19, 20) have been documented, at present little information exists regarding the expression and regulation of catenins in the epididymis.
From a functional point of view, it has been proposed that the formation of tight junctions first involves the formation of cadherin-based cell adhesion (10, 14) . This is followed by the recruitment of the tight junctional cytoplasmic protein zona occludens-1 (ZO-1) to the LPM of the cells via direct interaction with the catenins (␣ and ␤) of the adhering junction.
It was therefore of interest to examine the expression of catenins in the adult epididymis, follow their expression during postnatal development, determine whether they are regulated by androgens, and assess whether catenins associate with ZO-1 during the formation of the blood-epididymal barrier during postnatal development and remain as such in adult rats. This study was accomplished employing light microscope immunocytochemistry, immunoprecipitation, and Western blot analysis of epididymal tissues of adult and postnatal rats of different ages.
Materials and Methods Animals
Sprague Dawley rats were purchased from Charles River Canada (St. Constant, Canada). Rats were maintained under a photoperiod of 12 h of light, 12 h of darkness and received food and water ad libitum. All protocols used in this study were approved by the university animal care committee.
Androgen regulation
To assess whether epididymal catenins were regulated by testicular factors or androgens, adult rats (Sprague Dawley, 350 -400 g), obtained from Charles River Canada were anesthetized with an ip injection of ketamine/xylazine (50/10 mg/kg). Four sham-operated rats were used as controls. Four rats were bilaterally orchidectomized via an abdominal incision and killed 14 d later. Eight other orchidectomized rats were implanted with either an empty 2.5-cm capsule (four rats) or 18.6-cm capsules (three, measuring 6.2 cm each; four rats) containing testosterone. Testosterone-filled polydimethylsiloxane capsules were prepared according to the method outlined by Stratton et al. (25) and have well characterized steroid release rates (26) . The latter mimic epididymal (18.6 cm) testosterone levels, which are 10 times greater than blood levels. To ensure that the newly made capsules would have a constant testosterone release rate and that the initial surge of testosterone release would be complete at the time of implantation in orchidectomized rats, additional carrier rats were implanted with the testosterone implants before the start of the experiment. These implants were removed from the carrier rats 3 d later, cleaned, and inserted sc on the backs of experimental animals at the time of orchidectomy. All of these rats were killed 14 d after surgery. At the completion of each experimental design, the epididymides were fixed by perfusion with Bouin's fixative, removed from the rats, and subsequently processed as described below for immunocytochemical analyses.
Postnatal development
To determine the postnatal developmental expression of ␣-catenin, ␤-catenin, and p120 ctn in the epididymis, timed gestation female rats were purchased from Charles River Canada, Inc. At the time of birth, the sex of each pup was determined, and random litters of 10 male pups were placed with each lactating mother. Rats were weaned at 24 d of age. Rats were anesthetized with somnitol, and the epididymides of 7-, 21-, 29-, 49-, 56-, and 91-d-old rats were then fixed by retrograde perfusion through the abdominal aorta with Bouin's fixative as previously described (19) . Fixed epididymides were dehydrated in graded ethanol, cleared in xylene, and mounted in paraffin for light microscope immunocytochemical analysis.
Immunocytochemical analysis
Immunoperoxidase staining of epididymal sections was performed according to previously published protocols (27) . Immunolocalization of catenins was performed using goat polyclonal antisera raised against ␣-catenin, ␤-catenin, or a rabbit polyclonal anti-p120 ctn (2.7, 2.7, and 2.0 g/ml, respectively; Santa Cruz Biotechnology, Inc., Santa Cruz, CA). Antibody binding to each catenin was detected using either an antigoat or an antirabbit horseradish peroxidase-conjugated secondary antibody (1:250; Sigma-Aldrich Corp., Mississauga, Canada). To demonstrate the specificity of the catenin antisera, some slides were incubated with both the catenin primary antibody and the corresponding blocking peptide (Santa Cruz Biotechnology, Inc.). For these analyses, the blocking peptide was diluted with buffer such that the final concentration of blocking peptide was 2 mg/ml. The mixture of diluted blocking peptide and catenin antisera was preincubated at 37 C for l h before incubation with the tissue, according to standard protocol. Negative control slides, in which there was no primary antibody, were also performed concurrently. ZO-1 immunocytochemical localization in the adult rat epididymis was performed using frozen sections. Epididymides were carefully dissected out, placed in OCT-Cryomatrix (Fisher Scientific, Ottawa, Canada), and frozen on dry ice. Solidified blocks of tissue were then stored at Ϫ86 C until needed. Ten-micron-thick sections were cut, mounted onto glass slides, and stored at Ϫ20 C until needed for immunocytochemistry. Slides were fixed in methanol for 20 min at Ϫ20 C, allowed to air-dry, rehydrated with PBS for 30 min at room temperature, and then blocked in buffer (PBS, 3% BSA, and 5% goat serum) for 20 min at room temperature. This was followed by three 5-min washes in PBS. Immunocytochemical localization of ZO-1 was performed using rabbit polyclonal ZO-1 antisera (5 g/ml; Zymed Laboratories, South San Francisco, CA). Sections were incubated for 90 min in a hydrated chamber with the primary antibody at room temperature. The sections were then washed in PBS and incubated for 45 min with a fluorescein isothiocyanate-conjugated antirabbit secondary antibody (1:250; Jackson ImmunoResearch Laboratories, Inc., West Grove, PA). The sections were subsequently washed three times in PBS and mounted with Vectashield (Vectastain Laboratories, Inc., Burlington, Canada). Slides incubated with normal rabbit antiserum were used as a negative control, because immunoabsorption was not possible due to the lack of antigen.
For ␤-catenin and ZO-1 colocalization studies, frozen sections were prepared as described above, incubated with the ␤-catenin primary antibody (1:200; Chemicon International, Inc., Temecula, CA) and a Texas Red-conjugated antirabbit secondary antibody (1:250 dilution; Jackson ImmunoResearch Laboratories, Inc.) as described above for ZO-1, and washed for 5 min with PBS. Sections were then incubated with ZO-1 mouse monoclonal primary antiserum (1:200; Chemicon International, Inc.) for 1 h at room temperature and subsequently incubated with fluorescein isothiocyanate-conjugated antimouse secondary antiserum (1:250; Jackson ImmunoResearch Laboratories, Inc.). Sections were then washed three times in PBS for 5 min each time at room temperature, mounted with Vectastain Mounting Medium (Vectastain Laboratories, Inc) containing 4Ј,6-diamido-2-phenylindole hydrochloride to visualize the nuclei, and stored at 4 C. Sections were viewed with a Leica fluorescent microscope (Deerfield, IL). The images were digitalized, merged, and analyzed using ImagePro Plus software (version 4.0, Media Cybernetics, Silver Spring, MD).
Immunoblotting
Proteins were isolated from frozen segments (initial segment, caput, corpus, and cauda) of three pools of four adult epididymis and crushed under liquid nitrogen using a mortar and pestle. To determine epididymal ␤-catenin levels at different developmental ages, epididymides of 7 (n ϭ 13), 21 (n ϭ 6), 42 (n ϭ 3), or 91 (n ϭ 3)-d-old rats were pooled. The tissue was then homogenized with a Polytron (Brinkmann Instruments, Inc., West Orange, NJ) at 4 C in lysis buffer [1:3, wt/vol; 60 mm Tris-Cl (pH 6.8), 2 mm CaCl 2 , 40 mm ␤-octylglucopyranoside, and 20 g/ml pepstatin A; Sigma-Aldrich Corp.] supplemented with a protease inhibitor cocktail (Sigma-Aldrich Corp.). Samples were transferred to microcentrifuge tubes and centrifuged at 2,200 ϫ g for 30 min at 4 C. The supernatant, containing the plasma membrane fraction, was then centrifuged at 30,000 ϫ g for 30 min at 4 C, and the resulting pellet was resuspended in the same buffer. Protein concentrations were determined using a protein assay kit (Bio-Rad Laboratories, Mississauga, Canada).
Membrane protein samples (50 g) were diluted in loading buffer (Laemmli buffer), boiled for 5 min, and cooled on ice. The samples were loaded onto either a 6.5% (for ZO-1 immunoblotting) or a 7.5% poly-acrylamide gel (28) . Electrophoresis was performed at 80 V for 1.5-2 h until the dye front reached the end of the gel. Proteins were subsequently transferred onto a nitrocellulose membrane using a Bio-Rad Transblot apparatus at 100 V for 1 h. Colored molecular weight markers were used to assess the efficiency of the transfer. The blots were blocked overnight in TBST [20 mm Tris-HCl, 500 mm NaCl (pH 7.5), and 0.1% Tween 20] containing 5% powdered milk and then incubated for 60 min at room temperature with an antiactin primary antibody in the same buffer (2.0 g/ml; Santa Cruz Biotechnology, Inc.). The blots were rinsed briefly in TBST and incubated for 60 min at room temperature with the primary antibodies against ␣-catenin, ␤-catenin, or p120 ctn (1.0 g/ml, respectively; Santa Cruz Biotechnology, Inc.) or ZO-1 (1.75 g/ml; Zymed Laboratories, South San Francisco, CA) in blocking buffer. After the incubation, the membranes were washed three times for 10 min each time with TBST and then incubated for 60 min at room temperature with an antigoat or an antirabbit alkaline phosphatase-conjugated secondary antibody (0.4 g/ml; Santa Cruz Biotechnology, Inc.). The blots were washed three times for 10 min each time with TBST, and the presence of each protein was revealed using the AP Conjugate Substrate Kit (BioRad Laboratories, Inc.). Each catenin level was quantified with a Fluor Image analyzer (Bio-Rad Laboratories, Inc.) and standardized against the signal for the actin protein.
Immunoprecipitation
Epididymal proteins were isolated from 7-, 18-, and 91-d-old rats (four per age group) as described above and used to immunoprecipitate ␤-catenin and ZO-1. For the ZO-1 immunoprecipitation, a rat monoclonal antibody to ZO-1 (American Tissue Type Culture, Washington, D.C.) was used. Epididymal proteins (800 g) were immunoprecipitated with 5 or 15 l undiluted primary antiserum (␤-catenin and ZO-1, respectively) in 1 ml PBS. The proteins and antisera were incubated for 1 h at 4 C in a rotating tube. At the end of the incubation, 20 l protein G plus agarose conjugate (Santa Cruz Biotechnology, Inc.) were added to the proteins and incubated overnight at 4 C in a rotating tube. Samples were then centrifuged at 1000 ϫ g for 5 min at 4 C to recover the agarose beads. The supernatant was discarded, and the pellet of agarose beads was washed once in PBS, three times in wash buffer I [500 mm NaCl, 50 mm Tris-HCl (pH 7.5), 0.05% Nonidet P-40, and 0.2% BSA], and twice in wash buffer II [50 mm Tris-HCl (pH 7.5)]. Agarose beads were recovered after each wash by centrifugation at 1000 ϫ g for 5 min at 4 C. The resulting pellets were then boiled in sample buffer for 5 min and subjected to electrophoresis and immunoblotting as described above.
Results

Localization of catenins in the adult rat epididymis
Although the three isoforms of catenin were expressed in the adult rat epididymis, a variable degree of immunostaining was observed for each depending on the region of the epididymis in which they were expressed. With all three antibodies, a reaction was noted throughout the epididymis along the LPM of adjacent epithelial principal cells (Fig. 1 , A-C), suggesting their role as part of the adhering junctions. Furthermore, in the initial segment of the epididymis, these three proteins were also present at the lateral interface be-
ctn (C), and ZO-1 (D) in the initial segment of the adult rat epididymis. Of the three catenin antibodies, p120 ctn (C) shows the most intense reaction in the initial segment, where it is localized along the LPM (arrows) of adjacent principal cells (P), with a moderate immunoperoxidase reaction being noted for ␣-catenin (A). Immunostaining for ␤-catenin (B) is also observed along the LPM of adjacent principal cells; however, the reaction is seen to be more intense apically (arrows). ZO-1 (D) is localized to the apical region (arrows) of principal cells (P) and not along the LPM. Epididymal sections were blocked with peptides for each catenin to establish the specificity of the immunoreaction. A ␤-catenin blocking peptide was used to block the anti-␤-catenin antisera (E). Similar results were obtained for each of the other antisera. IT, Intertubular space; L, lumen; n, nuclei; S, spermatozoa. Magnification, ϫ640.
tween adjacent principal, narrow, and apical cells, whereas in the caput, corpus, and cauda epididymis, staining was observed between adjacent principal and clear cells (not shown). Although evenly distributed along the LPM in the caput, corpus, and cauda epididymis, ␤-catenin immunoreaction appeared to be most intense in the upper or apical part of the lateral plasma membrane in the initial segment of the epididymis (Fig. 1B) . In the case of p120 ctn , an immunoreaction was observed in all epididymal regions (Fig. 1C) , whereas the ␣-catenin immunoreaction appeared to be distributed evenly along the lateral plasma membrane of epithelial cells lining the epididymal lumen (Fig. 1A) . Nevertheless, the fact that all three junctional proteins colocalized together in varying degrees suggests that they form complex interconnecting components of the adhering junctions between adjacent epithelial cells.
In the adult rat epididymis, ZO-1 was localized exclusively to the apical region of the epithelium in the area of the epididymal tight junctions and not along the lateral plasma membrane (Fig. 1D) . Blocking peptides for each of the three catenins were used as negative controls. For each antiserum, the immunostaining was abolished with the peptides, as shown for ␤-catenin (Fig. 1E) .
Composition of epididymal adhering junctions
To corroborate the finding of each catenin in the different epididymal regions, Western blot analysis was performed on homogenized epididymides of adult rats. Western blot analysis of ZO-1 was also performed, as this protein has been shown to be present in the adult epididymis and to associate in vitro with adhering junctions during the assembly of tight junctions. A single protein band of 102 kDa was obtained for ␣-catenin in each epididymal segment ( Fig. 2A) . ␣-Catenin levels were similar in the different epididymal regions (Fig.  2A) . In comparison, there was a single band of 92 kDa for ␤-catenin, with the most intense band being present in the corpus and cauda region (Fig. 2B ). In the case of p120 ctn (Fig.  2C) , several protein bands, ranging from 115-125 kDa, which represent the multiple phosphorylated forms of p120 ctn , were obtained, with the most intense bands being present in the corpus epididymis. A single 225-kDa band was obtained for ZO-1, and levels appeared to be most abundant in the corpus epididymis, whereas levels were similar in the initial segment, caput, and corpus epididymis (Fig. 2D) .
Immunoprecipitation of ␤-catenin was performed to demonstrate whether all three catenins were associated with one another in the epididymis (Fig. 3) . Using the initial segment/ caput region of the epididymis of adult rats, membraneenriched protein fractions were isolated and immunoprecipitated with the ␤-catenin antiserum. Western blots were subsequently performed on electrophoretically separated immunoprecipitated proteins with ␣-catenin and p120
ctn . To confirm that these proteins were part of the adhering junctions, E-cadherin was also measured in the immunoprecipitated proteins. Results from these experiments revealed that ␣-catenin and p120 ctn as well as E-cadherin, all at their appropriate molecular weights, are associated with ␤-catenin in the adult epididymis.
Regulation of catenins by androgens
Bilateral orchidectomy of adult rats sampled 14 d later revealed that the immunostaining pattern for ␣-and ␤-catenin was dramatically altered in the absence of testicular factors (Fig. 4, A and B) . In the case of ␣-and ␤-catenin, the reaction along the LPM of adjacent epithelial cells was markedly reduced compared with that in control animals (Fig. 4,  A and B) . In addition, an intense cytoplasmic reaction was observed in each epididymal region. Interestingly, the staining for p120 ctn did not appear to be altered along the LPM, and no conspicuous cytoplasmic reaction was noted in any epididymal region (Fig. 4C) . The immunostaining pattern for ␣-and ␤-catenin was comparable to that noted for control rats in those animals that received immediate testosterone replacement at the time of surgery (Fig. 4D) . Blocking peptides for each of the three catenins were used as negative controls. For each antiserum the immunostaining in sections from orchidectomized rats was abolished with the peptides, as shown for ␤-catenin (Fig. 4E) .
Modulation of catenin expression during postnatal development
Postnatal immunocytochemical studies revealed that all three catenins were already expressed by postnatal d 7 (Fig.  5, A-C) . At this age, localization was present along the LPM between the adjacent undifferentiated epithelial cells. Differences in immunostaining between each catenin were not apparent, nor were differences among the various epididymal regions for a given catenin. However, the intensity of the immunoperoxidase reaction product appeared to increase as a function of age and was similar to that in adults by postnatal d 49 (Fig. 5D) , when circulating androgen levels become markedly elevated.
To determine whether ␤-catenin levels changed as a function of age in the entire epididymis, Western blot analyses were performed on pools of membrane-enriched proteins from epididymides of 7-, 21-, 42-, and 91-d-old rats (Fig. 6) . The results indicated that ␤-catenin levels were low on d 7 and increased approximately one third by d 21; levels remained constant thereafter.
Association of ␤-catenin and ZO-1 during formation of the blood-epididymal barrier
To determine whether ZO-1 and ␤-catenin associate during the formation of the blood-epididymal barrier, immunoprecipitation of epididymal extracted proteins was performed with ZO-1 and ␤-catenin (Fig. 7) . The results demonstrated that ZO-1 was associated with ␤-catenin in the epididymis. This association appeared to be more extensive in young rats (7 and 18 d old) than in adult rats, i.e. at a time during formation of the blood-epididymal barrier (Fig. 7, I -A and II-A). The presence of ZO-1 and ␤-catenin in their respective immunoprecipitates indicates that these were present at each age and that the levels did not decrease as a function of age (Fig. 7, I-B and II-B) . Therefore, these data suggest that ZO-1 and components of the adhering junctions associate with each other during epididymal tight junction assembly.
Immunofluorescent localization of ␤-catenin (Fig. 8, A and D) and ZO-1 (Fig. 8, B and E) and their colocalization (Fig.  8 , C and F) on postnatal d 21 (Fig. 8, A-C) and in 90-d-old adult rats (Fig. 8, D-F) revealed the following. On d 21, ␤-catenin (Fig. 8A ) and ZO-1 (Fig. 8B) were localized apically and laterally between adjacent epithelial cells, and merged photomicrographs of the two revealed that they colocalized together at these sites (Fig. 8C) , supporting the observation that ␤-catenin and ZO-1 colocalize in young rats. In adult rats, ␤-catenin was localized apically and laterally between adjacent epithelial cells (Fig. 8D) , whereas ZO-1 was noted apically (Fig. 8E) . Colocalization of the two revealed their shared localization apically in the area of the tight junction, whereas only a pronounced ␤-catenin immunostaining was noted below the tight junctional complex (Fig. 8F) .
Discussion
Formation of the blood-epididymal barrier creates a microenvironment essential for sperm maturation as well as for protecting sperm from the immune system, as they are antigenic. The formation of the blood-epididymal barrier is likely to involve both adhering junctions, which are necessary for cell adhesion and intercellular signaling, as well as tight junctions, which form the seal between adjacent epithelial cells. Therefore, an understanding of the composition and regulation of the various proteins involved in formation of the blood-epididymal barrier is a major concern of male reproductive biology.
In the present study all three catenins (␣-catenin, ␤-catenin, and p120 ctn ) were present in the epididymis and were localized along the LPM of adjacent epithelial cells. However, region-specific differences were observed with LPM immunocytochemistry and with Western blot analysis. ␣-Catenin and ␤-catenin were most prominent in the corpus region, whereas p120 ctn appeared to be prominent in all epididymal regions, suggesting segment-specific requirements for catenins along the epididymis. The precise role of catenins in the different regions is unclear; however, electron microscopic analysis revealed that the tight junctions of the corpus and cauda were not as extensive as those seen in the initial segment/caput regions, suggesting a need for more adhesion in these regions (8) . These data are further supported by the finding of significantly greater E-cadherin mRNA in the caput and corpus regions (19) .
The immunoprecipitation data of the present study suggest that all three catenins interact with E-cadherin and form part of the adhering junctions in the epididymis. Previous studies have reported that in epithelial cells, catenins may   FIG. 3 . Immunoprecipitation of ␤-catenin in the initial segment/caput epididymis of adult rats. ␤-Catenin was immunoprecipitated as described in Materials and Methods, and immunoprecipitated proteins were separated by PAGE. Proteins were then transferred onto a nitrocellulose membrane. Blots were screened for E-cadherin (E-Cad), ␣-catenin, ␤-catenin, and p120 ctn using specific antisera for each of these proteins. The results demonstrated that each of these proteins, which comprise the adhering junctions, coprecipitated with ␤-catenin.
FIG. 4.
Regulation of catenins in adult rat epididymis; only the caput epididymis is illustrated. Rats were orchidectomized and sampled 14 d after surgery. Immunostaining for ␣-catenin (A) and ␤-catenin (B) was altered in orchidectomized rats. In these animals, ␣-catenin and ␤-catenin immunostaining was less prominent along the LPM (arrows) of adjacent principal cells (P). However, an intense cytoplasmic reaction was observed in each of the four epididymal segments in orchidectomized animals. Unlike ␣-catenin and ␤-catenin immunostaining, p120 ctn (C) appeared to be unaltered by orchidectomy in any of the four epididymal segments. Orchidectomized rats that received immediate testosterone implants revealed staining along the LPM for ␣-catenin (D) comparable to that observed in intact control rats. A ␤-catenin-blocking peptide was used to block the anti-␤-catenin antiserum in orchidectomized rats (E). Similar results were obtained for ␣-catenin and P120 ctn (not shown). IT, Intertubular space; L, lumen; n, nucleus; S, spermatozoa. Magnification: A-D, ϫ640; E, ϫ1024.
play different roles, such as linking cadherins to the cytoskeleton or in intracellular signaling pathways. The interaction of the cadherin-catenin complex with the actin-based cytoskeleton through ␣-catenin is necessary for cadherin-based cell adhesion activity (14) . ␣-Catenin associates with the COOH-terminal end of the cadherin cytoplasmic tail via ␤-catenin (14) . Thus, the present findings suggest that similar mechanisms are at play in the epididymis. Imamura et al. (29) demonstrated that there are three functional domains of ␣-catenin required for strong adhesion. These are a vinculin/ ␣-actinin-binding domain, an adhesion-modulation domain, and a ZO-1 binding site. The latter will be discussed below.
In the present study p120 ctn was noted along the epididymis between epithelial cells. This protein contains an armadillo repeat domain protein that shares structural similarities to ␤-catenin and plakoglobin. p120 ctn has unique binding partners and plays a distinct role in the cadherincatenin complex. However, the role of p120 ctn in mediating juxtamembrane domain function is controversial. Although studies have suggested that p120 ctn is necessary for strong intercellular adhesion (30, 31) , others have suggested that p120 ctn may inhibit intercellular adhesion (32, 33) . In any case, it is clear that p120
ctn is a regulatory catenin that can directly modulate cadherin-cadherin interaction. Furthermore, the large number of phosphorylated isoforms of p120 ctn , noted in other cells as well as in the epididymis of the present study, suggests that this protein may be highly regulated by various factors (34) .
␤-Catenin has also been shown to have dual functions. It is necessary for cadherin-cadherin interaction as part of the adhering junctions, but ␤-catenin is also an important member of the Wnt signaling pathway, which is involved in the cell cycle. Activation of the Wnt pathway results in the translocation of ␤-catenin into the nucleus (35) . In the present study we did not observe any immunolocalization of ␤-catenin in epididymal nuclei. Although this suggests that the Wnt pathway may not be very active during postnatal development, we cannot rule out the possibility that this pathway may be important during embryonic development during epididymal differentiation.
Previous studies have shown that E-cadherin mRNA levels are androgen dependent in the epididymis (19) . In the present study it was noted that orchidectomy resulted in a decreased staining of the LPM, but increased cytoplasmic staining for both ␣-and ␤-catenin. The latter has also been reported in other cell types under different conditions (36) .
Results from the present study support the idea that androgens are necessary for maintaining the trafficking of catenins to the LPM, as both ␣-, and ␤-catenin became localized to these sites in orchidectomized rats that received testosterone implants. Recent studies have shown that ␤-catenin and Ecadherin associate shortly after the synthesis of E-cadherin in the cytoplasm, and that this complex is then transported to the basal-lateral membrane of cells (23, 37, 38) . In fact, it has been proposed that ␤-catenin acts as a chauffeur to facilitate the transport of E-cadherin (38) . Therefore, a decrease in E-cadherin in the epididymis, as reported in orchidectomized animals (19) , would result in a decrease in ␤-catenin binding to E-cadherin and its targeting to the basal-lateral membrane, thus resulting in an increase in cytoplasmic localization of ␤-catenin, as noted in the present study.
Interestingly, the intensity or localization of p120 ctn was not altered by orchidectomy or by orchidectomy plus testosterone treatment. This suggests that p120 ctn is regulated differently from ␣-and ␤-catenin in the epididymis. Furthermore, it suggests that p120 ctn may bind to other proteins that are not affected by orchidectomy. Papkoff (39) , using transfected L cells, showed that there are different pools of catenins in the cell and that p120 ctn is regulated differently from ␣-and ␤-catenin. This difference appears to be in part because p120 ctn does not bind as extensively to E-cadherin as do the other two catenins. Whether this is the case in epididymal cells is not known, but this may explain why p120 ctn is regulated differently from ␣-and ␤-catenin.
The development of epididymal tight junctions, which form the blood-epididymal barrier, is regulated in a segmentspecific manner beginning on postnatal d 18 in the initial segment of the rat epididymis and is completely formed by 21 d of age in the cauda epididymis (40) . Previous studies by Cyr et al. (19) reported that E-cadherin mRNA levels increase significantly during the formation of the blood-epididymal barrier. It has been suggested that ZO-1 first associates with the adhering junctions during the formation of tight junctions and that this protein can then dissociate from catenins and become localized to the area of the tight junctions, where it binds to the transmembrane tight junctional proteins, claudins and occludin (41) .
The present results indicate that ZO-1 and ␤-catenin closely associate with each other during postnatal development and that this association decreases in adults after the barrier is complete. This suggests that ZO-1 associates with ␤-catenin and adhering junctions during the formation of epididymal tight junctions. Previous studies by Rajaskaran et al. (42) reported that in MDCK cells, in which tight junctional assembly was initiated by a calcium switch, ZO-1 bound to catenins during the formation of tight junctions. Furthermore, several studies suggest that ZO-1 associates with catenins after the adherens junction is formed, thereby emphasizing the importance of adherens junctions in the assembly of tight junctions (43) (44) (45) . In colocalization studies, ZO-1 and ␤-catenin colocalized in the epididymis of young rats, supporting the immunoprecipitation data. In the epididymis of adult rats, however, ␤-catenin was localized independently of ZO-1 along the LPM of neighboring principal cells. Surprisingly, ␤-catenin colocalized with ZO-1 in the apical region of the epithelium. Whether this association occurs just below the tight junction or with the tight junction is not known. These data, however, support the fact that ␤-catenin and ZO-1 coprecipitate in adult rats, although to a lesser extent than in young animals. The precise role and signaling pathways resulting from these associations with respect to the formation and maintenance of the epididymal tight junctions may provide new information about the factors and mechanisms responsible for the formation of epididymal tight junctions.
In summary, these studies demonstrate that catenins (␣- Cryosections (10 m) were incubated with both ␤-catenin and ZO-1 antisera and localized with a Texas Red (red stain) or FITC-conjugated (green stain) secondary antibody, respectively. In 21-d-old rats, ␤-catenin (A) and ZO-1 (B) outline the apical and lateral borders of the epithelial cells (E) lining the epididymal duct (arrows). In merged photomicrographs (C), both ␤-catenin and ZO-1 colocalize with each other along the apical and LPM of the epithelial cells (yellow stain). In adult rats, ␤-catenin (D) is localized apically and laterally (arrows), whereas ZO-1 (E) is seen apically (arrows) between adjacent principal cells (P). Merged photomicrographs (F) demonstrate that ␤-catenin and ZO-1 colocalize apically (yellow stain, white arrows) in the area of the tight junction. However, pronounced ␤-catenin immunostaining (red stain, yellow arrows) is also present along the LPM between adjacent epithelial cells below the tight junctional complex, independent of ZO-1 localization. n, Nuclei; Lu, lumen. Magnification, ϫ650.
catenin, ␤-catenin, and p120 ctn ) are present along the LPM of adjacent epithelial cells throughout the epididymis, with each showing varying degrees of intensity dependent on the epididymal segment. In addition, in adult rats, ␣-and ␤-catenin appear to be regulated by androgens in terms of their targeting to the LPM. The appearance of each catenin in the different epididymal segments by postnatal d 49, at a time when androgen levels are high, also indicates a role for androgens in their expression and subcellular localization. Finally, it was noted that ␤-catenin and ZO-1 closely associate with each other during formation of the blood-epididymal barrier.
